• Cities, which are concentrated areas of CO2 emissions, have become the foci of policies for mitigation actions; however, there are gaps in the current understanding of urban processes that influence carbon emissions and atmospheric measurement networks suitable for evaluating urban emissions over time are scarce. • This study analyzes a unique long-term (decadal) record of continuous CO2 mole fractions from a network of five sites within the Salt Lake Valley (SLV) and one background site in the Wasatch Mountains east of the SLV that have a range of urban settings. • The authors examined excess CO 2 above background conditions resulting from local emissions and meteorological conditions, site-to-site differences on diel and seasonal timescales, longterm trends of CO2 across an urban area, local processes that may affect CO2 variation, atmospheric mixing proxies, drivers of anthropogenic CO2 emissions, and the relationship between population density and fluxes.
New Science:
• Divergent CO2 emission trends were detected despite similar levels of population growth, suggesting that changes in urban fossil fuel CO2 emissions did not scale linearly with population changes. • Rapidly increasing daytime emission rates during the summer occurred in areas with initially low population density that underwent conversion of rural land to suburban developments while emissions were stable in the urban core despite population increases. • Trends in the northern, industrial part of the study area declined coincident with a reduction in power production by a nearby electric utility power plant, representing a possible explanation for the decline and highlighting the importance of large urban point sources. • Changes in fossil fuel fluxes (Fff) were likely the primary driver of long-term trends in excess CO2 in the study area as there were negligible changes in atmospheric mixing and prior studies concluded that biospheric processes had minimal effects on overall emissions.
Significance:
• This study shows that long-term, spatially-distributed urban CO 2 monitoring networks yield insights into the carbon budgets of urban areas which contain an increasing fraction of the world's population.
• Decadal scale changes in urban CO2 emissions are detectable through monitoring networks and constitute a valuable approach to evaluate emission inventories and studies of urban carbon cycles. • The nonlinear relationship between emissions and population density found in this study also is evident in existing emission inventories because of the spatial pattern of emissions, but it is muted by the lack of temporal trends; thus, such comparisons can provide key metrics to evaluate emission inventories over time. • The study supports the conclusion that multiple monitoring stations are needed to track urban CO2 emissions and suggests that urban CO2 networks that do not also include sites sensitive to expanding urban and suburban areas could miss important changes in carbon fluxes. • As other cities establish long-term, multisite CO2 observation networks of sufficient duration, intercity and intracity comparisons will become possible, leading to further insights into how dynamic urbanization processes impact the carbon cycle and the development of tools for stakeholders to evaluate emission mitigation efforts. • This initial work should be expanded with temporally explicit atmospheric transport modeling to resolve the spatiotemporal evolution of carbon emissions in the SLV that can be compared quantitatively with detailed emissions inventories or highly resolved estimates of CO2 emissions.
SLV carbon dioxide measurement network. Time series show hourly averaged CO2 mole fractions (blue) and the background CO2 mole fractions derived from Carbon Tracker and the HDP site (black, SI Appendix). Population density is superimposed on the map and the black outline indicates Salt Lake County.
Average monthly (A) and hourly (B) patterns of excess CO2 from the SLV CO2 sites as well as hourly patterns of CO2 emissions for Salt Lake County derived from Hestia (C). In the hourly panels, the average during summer is on the left (pink shading) and the average during winter is on the right (blue shading).
Time series and trends in SLV excess CO2 mole fractions calculated from daily averaged data, with shading indicating ±2σ confidence intervals (A). Time series for the cold-season winter period (October-March), and the warm-season summer period (April-September) are shown in SI Appendix. Each panel contains three trends: the central trend using data from all hours of the day, the upper trend using nighttime data, and the lower trend using daytime data (hourly delineations: All hours: 00-23; Night: 00-05; Day: 12-17, LST). Symbols represent the average mole fractions from each year-season-time of day combination. The final year (2014) of observations at SUG were elevated due to an anomalous contribution from an apparent local source and were not included in the trends for that site (triangle symbol, SI Appendix). B shows the slope for each season and time of day trend, with 2σ confidence intervals (numeric values are listed in SI Appendix, Table S2 ). C shows the slope of the Fff trends derived from observations averaged in August and September as well as from four fossil fuel inventories with 2σ confidence intervals. Note that the RPK panel has a different scale. See SI Appendix for flux calculation details and sensitivity tests.
